Aliphatic and aromatic 1,4-bifunctional compounds bearing a primary alcoholic function and an amine can be efficiently cyclised with dimethyl carbonates in the presence of a base to achieve 5-membered N-heterocyclic compounds. This novel synthetic pathway is quantitative, one-pot and green as it does not involve the use of chlorine solvents or reagent.
centers of DMC can be selectively tuned, temperature being the key factor. In fact, usually at reflux temperature (T = 90
• C) DMC acts as methoxycarbonylation agent by B Ac 2 mechanism while at higher temperature (T > 150
• C) the methylation reaction occurs via the B Al 2 mechanism. Both reactions produce as by-product only methanol and eventually CO 2 .
11-13
Exploiting the DMC (B Al 2-B Ac 2) chemistry, recently we reported a novel, one-pot, environmentally benign and chlorinefree synthetic pathways for the synthesis of 5-membered cyclic ethers by intramolecular cyclisation of 1,4-diols.
9
In this work, we report a DMC-promoted intramolecular cyclisation for the selective synthesis of 5-membered N-based cyclic molecules.
4-Amino-1-butanol 1 was selected as starting material as it is the simplest aliphatic model available for this study. It is noteworthy thatthe family of the carboxyalkyl pyrrolidine has been recently used as key intermediates in the synthesis of heterocyclic arylsulphones that showed to be efficient in the treatment of diseases of the central nervous system, e.g. Alzheimer's disease and schizophrenia.
4
Preliminary experiments on this substrate were carried out using DMC as solvent and reagent with different catalysts (Table 1) : metallic homogenous catalysts (entries 1-2), alkali carbonates (entries 3-4), heavy metal basic carbonates (entry 5), strong base (entry 6) and hydrotalcite 14 (entry 7). ‡ All the reactions were conducted in autoclave with catalytic amount of base/catalyst and in the presence of DMC. Results collected showed in any case the formation of the N-methoxycarbonyl pyrrolidine 4 from modest to good yields (34-62%).
Among the catalysts used, alkali carbonates and in particular Cs 2 CO 3 resulted the more efficient ones (62% yield). In any case the only by-product formed was the methyl 4-(methoxycarbonyloxy)butylcarbamate that was isolated as pure and fully characterised. ‡ This reaction is a remarkable example of hard-soft acid-base theory applied to the DMC, as the starting substrate include two different nucleophiles, i.e. a primary amine and a primary alcohols, that discriminate between the two electrophilic centers of the DMC leading to the carboxymethyl pyrrolidine by onepot cyclisation.
Most probably the reaction proceeds by a sequence of carboxymethylation and alkylation reactions (Scheme 1): the 4-amino-1-butanol 1 firstly undergoes carboxymethylation at the hydroxyl (or amine) group (B Ac 2), then, or most probably at the same time, the amine (or hydroxyl) moiety will also carboxymethylate (B Ac 2). As a consequence, the amino group of the so formed carbamate (its related anion 3 is shown in Scheme 1) results softer in character, as demonstrated by previous investigations, 11c and it undergoes fast alkylation to form selectively the carboxymethyl pyrrolidine 4 (B Al 2). 15 It is noteworthy that the formation of the N-based cyclic 4 is favoured because all the reactions (B Ac 2) depicted in Scheme 1 are of equilibrium, except the one related to the cyclic formation (B Al 2).
Further investigations of the 4-amino-1-butanol 1 were also conducted at reflux temperature and atmospheric pressure using a base and DMC as solvent and reagent. Results collected are reported in Table 2 . High-yielding N-heterocyclisation of the starting material was achieved by employing potassium tertbutoxide as base (entries 1-2). Most probably the excess of base used in the reaction is needed for the three subsequent reactions to take place (Scheme 1). In fact, performing the reaction using only 0.5 eq mol of base at higher temperature also in autoclave resulted in lower yield (entry 3).
Investigations were also conducted on two simple aromatic bifunctional nucleophile i.e. 2-(2-aminophenyl)ethanol and 2- (aminomethyl)benzyl alcohol (Scheme 2). Results, reported in Table 3 and Table 4 , respectively, demonstrated that also in this case N-carboxymethyl indoline 6 and N-carboxymethyl isoindoline 9 were formed in quantitative yield by intramolecular cyclisation.
Scheme 2 Synthesis of N-carboxymethyl indoline 6 and Ncarboxymethyl isoindoline 9.
In particular, when 2-(2-aminophenyl)ethanol 5 was used as substrate the products formed were the carboxymethyl indoline 6 and small amount of the cyclisation intermediate 2-aminophenethyl methyl carbonate 7, the only intermediate observed (entries 1, 3 Table 3) .
‡ Column chromatography of the reaction mixture allowed isolation of the pure compounds and their characterisation. It is noteworthy that in all the abovementioned reactions DMC is employed in excess since it serves as solvent and reagent, however it can be easily recycled after filtration of the reaction mixture and evaporation under vacuum. In fact, performing the cyclisation reaction by using recycled DMC (entry 2, Table 3 ) resulted in the high yielding conversion of the starting material into the carboxymethyl indoline 5. ‡ Furthermore, when the cyclisation reaction was conducted in autoclave at high temperature and in the presence of catalytic amount of base (entry 4 Table 3) , carboxymethyl indoline formed, once again, in good yield (83%). Table 4 reports the results achieved for the cyclisation of 2-(aminomethyl)benzyl alcohol 8. This substrate was synthesised by reduction of ethyl 2-cyanobenzoate according to literature procedure. 16 When the cyclisation reaction of 8 was conducted in the presence of a strong base (2.5 eq. mol.) at reflux conditions, the carboxymethyl isoindoline 9 formed in quantitative yield as sole product. (entry 1-2, Table 4 ). It is also possible to carry out the reaction using catalytic amount of base (0.1 eq. mol.), but this require the use of autoclave and high temperature (entry 3, Table 4) The reaction of aliphatic and aromatic 4-amino-1-butanol compounds with DMC in the presence of a base and in mild condition led to the corresponding N-based cyclic in high yield and short reaction time. The formation of the N-based cyclic 4, 6 and 9 is favoured due to the reaction mechanism comprising of several equilibrium reactions (B Ac 2), meanwhile the cyclic formation (B Al 2) is the only kinetically driven reaction (Scheme 1). The cyclisation reaction was conducted at reflux condition in the presence of 2.5 eq. mol. of base or utilizing a catalytic amount of base (0.1 eq. mol.) in an autoclave. Both reactions resulted in the high yielding formation of the 5-membered Nheterocyclic compound, although using small amount of base required higher temperature.
Comparing this reaction with the other avaiable synthetic pathways, the DMC-mediated reaction is green, high yielding, occurs in one step, do not require any chlorinebased chemical or strong acid and do not produce any chlorinated waste material. DMC, employed as solvent and reagent in the cyclisation reaction, can be easily recovered by distillation and reused. General applicability of the new synthesis on other suitable substrates is currently under investigation. ‡ Synthesis of carboxymethyl pyrrolidine in autoclave (Table 1) : in a typical experiment 4-amino 1-butanol (0.26 mL, 2.80 mmol), DMC (10 mL) and 10% mol of catalyst were heated at T = 180
• C while stirring continuously under nitrogen atmosphere for three hours. Results were collected by gas chromatography in the presence of an internal standard (decane). Gradient elution chromatography using Et 2 O/hexane (3/2) on silica gel allowed all of the products to be isolated as pure compounds. Carboxymethyl pyrrolidine 4: analysis conducted on the isolated product were consistent with the one present in the literature. (Table 2 ): in a typical experiment 4-amino 1-butanol (0.5 mL, 5.60 mmol), DMC (15 mL) and potassium tert-butoxide were heated at T = 90
• C while stirring continuously under nitrogen atmosphere for three hours. The reaction outcome was followed by 1 H NMR spectrometry (see ESI). † Synthesis of carboxymethyl (iso)indoline (Table 3, Table 4 ): in a typical experiment the substrate, i.e. 2-(2-amino phenyl)ethanol (0.5 mL, 3.64 mmol), DMC (15 mL) and potassium tert-butoxide (2.5 eq. mol.) were heated at T = 90
• C while stirring continuously under nitrogen atmosphere for six hours. The reaction outcome was followed by GC-MS analysis. If necessary, gradient elution chromatography using hexane/EtOAc (5/2) on silica gel allowed isolation of the pure carboxymethyl indoline 5 and of a small amount of the intermediate 2-aminophenethyl methyl carbonate 6. Carboxymethyl indoline: Analysis conducted on the isolated product were consistent with the one obtained present in the literature. 17 Mp 69-72
• C (lit. mp 68-72 • C). 18 Synthesis of carboxymethyl indoline with recycled DMC (entry 2, Table 3 ): DMC was distilled from the reaction mixture (entry 1, Table 3 ). Pure DMC (5 mL) was added to the recovered DMC (10 mL) in order to have enough solvent/reagent to conduct the experiment (15 mL). The reaction was then conducted in the same conditions reported for the synthesis of carboxymethyl indoline 6.
